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In a nicrobiological sense, we are dealing with cn enrichment culture 
in a more or less cantinuous flow system. This can be characterized as 
some form of continjous bacterial culture fad with a multiple substrate 
and inhabited by a flexible, mixed microbial population selected by the 
mediu.m and process conditions. It is generally thought that the micro­
bial com-munities in the formation are mostly contained in adherent 
films and that the growth substrate flo',;s past then. 

When a '..-ater sample is taken from a flowing ;/ell, we are actually 
Counting those cell:; that are dislodged from the films and are entrained 
in the water moving towards the well bore. 

One important assumi/tion made is that all of the nicrobial types in the 
formation near the well will appear in the pumped water sample; there­
fore, any difference in the composition of the microbial flora between 
wells in the sampling area are suggestive of real difference in the 
quality of the groui.d v/ater. 

It is v/ell known the t microbes can decompose orgaiic matter in anaerobic 
environments; these have been called anaerobic organotrophic eco systems. 
The ramen and gastrointestinal tracts of certain animals, flooded soils, 
sediments, se'.rage d'.gestom, and ground waters are examples of these 
/ecosystems. The trensforrations of organic materials under anaerobic 
y conditions are varied but CO2, CHi^, and H2S are g3nerally the and pro­
ducts. In these systems, raethanogenic bacteria aid sulfate reducing 
bacteria act as the terminal organisms in the foo'l chain; therefore, 
for successful cperction of the chain, complex orjanic materials must 
first be converted into simpler substances such a3 H2, CO2, and low 
molecular weight fatty acids, amino acids, etc., jy the facultative 
anaerobic and obligate anaerobic bacteria. 
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Several other^ reductions can also occur in those environments. Reduc­
tions of nitrate to N2O and H2, reduction of hydrated ferric oxides to 
Fe+2, and reduction of-manganic oxide to Mn+2 are sometimes observed. 

In order to do a complete reconnaissance for microbial activity at 
St. Louis Park several different types of analyses, and experiments 'were 
performed. They were as follows: 

1. VIABLE COUNTS 
Enumeration of the major physiological types of bacteria 
that would be expected in an anaerobic ecosystem. 

A. TOTAL AEROBIC BACTERIA 
Those bacteria capable of growth on aerobically' pre­
pared general medium which would include strict 
aerobes, facultative anaerobes, and denitrifying bac­
teria . 

S. TOTAL ANAEROBIC BACTERIA 
Those bacteria capable of growth on an anaerobically 
prepared general medium v/hich would iiiclude faculta­
tive anaerobes of srrict anaerobes. 

C- SULF.ATE REDUCING BACTERIA 
Those specialized bacteria that use sulfate as a ter- , 
minal electron acceptor and are found only in areas ! 
of active anaerobic degradation of organic compounds. { 

D. DENITRIFYING BACTERIA 
Those bacteria capable of growth in anaerobic environ­
ments using nitrate as the terminal electron acceptor. 

E. IR-ON REDUCING BACTERIA 
Those bacteria capable of reducing fe.-ric and manganic 
oxides in anaerobic environments. \ 

F. METHANE BACTERIA 
Those bacteria capable of producing Citj from CO2 and 
simple organic acids found only in areas of active 
anaerobic degradation of organic compounds. 

2. DIP£CT COUNT 
Direct microscopic enumeration of all bacteria in a water 
sample. 

3. Survey of bacteria in the water samples capable of 
aerobic degradation of phenol, naphthalene, and a commer­
cially available creosote. 
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4. The Ability of the hydrocarbon phase from V/ell 13 to 

support aerobic growth' when supplied as the sole source 
of both carbon and energy. 

5. Qualitative analysis of dissolved gases on selected wells./ 

The numbers of the different physiological types of bacteria and direct 
counts do not show any significant differences between samples; however, 
as you approach the hydrocarbon pool in both the Drift and Platteville 
Aquifers the samples contain methane bacteria. This is indicative of 
active organic degradation with methane bacteria as the terminal member 
of the food chain. The presence of methane bacreria in the surface 
aquifer is probably due to the slow degradation of The peat deposits. 

As you approach the hydrocarbon pool in Drift Aquifer, the populations 
also contain bacteria capable of degrading naphthalene. Also these 
samples contained dissolved CO2 and CH4.. 

In another experiment, 2jD ml of the hydrocarbon fluid from W 13 was 
added to 50 ml of mineral salts medium. These flasks were then inocu­
lated with -10^ cells/ml of a mixed bacterial culture acclimated for 
gro^rth on polynuclear aromatic compounds. After seven days of'aerobic 
grotrth at 30° C, the cell counts had increased tO' -lO"^ cells/ml. This 
indicates that at least some of the compounds in the hydrocarbon pool 
will support growth. 

Ve now come to that point at which one would ask "Ifnat does it all m.ean?" 
Looking at the various data, it appears that in the Drift Aquifer active 
organic degradation is taking place between ? 124 and W 117. The presence 
of bacteria capable of degrading naphthalene, the presence of dissolved 
CO2 and GKij., and the entire suite of bacteria, including methane bac­
teria, necessary to complete the conversion of the coal tar acids to 
CO2 and CHu, cU'a present. The low numbers of baci.eria are probably due 
to the low temnerature of the water (~11°C). ' 
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In the Plattevilla Aquifer, there is not as much positive data, but the 
presence cf methane bacteria in 107 and W 18 woid.d indicate that there 
is some organic degradation taking place. 

This still leaves the following questions unanswered: 

1. VThat compounds in the hydrocarbon fluid are degradable 
aerobically and anaerobically? Are they different? 

2. Vfhat is the overall rate of conversion of the hydrocarbon 
fluid to methane and CO2? i 

3. Are the organics being degraded between V/ 117 and P 124 j 
coal tar acids or some other source of organics? 
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I believe these questions can be answered with a few appropriate experi­
ments in my laboratory. It would depend on having the gas chromatographic 
equipment that has been ordered being set up and working as soon as 
possible. 

I would like to make another trip to St. Louis Park in October to further 
characterise" the bacterial populations in the water samples and possibly 
take some auger cores for bacteriological analysis. This could answer 
some questions regarding the areas of active degradation. 

I will contact yo\i regarding the October trip as soon as the experiments 
have been decided upon. 

Ed-ward M. Godsy 

cc: Herman R. Fe.^tz, WRD, Northeastern Region Headquarters 
Res ton, "i/A 
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TABLU 1 
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ANAEROBIC BACTERIA 

(3 types of media) 

P 23 9.3 X 10^ 9.3 X 103 2.3 X 103 9.3 X 103 ND 4.3 X 3 0^ 1.1 X 103 1.5 X IQl 1.1 X lO"' 

P 8 7.5 X 10*+ 4.3 X i04 2.3 X 10^ 2.3 X 10** ND 9.3 X 102 1.1 X 103 4.3 X 10^ 9.2 X 10^ 

2 2.3 X 105 9.3 X lOl 2.3 X 102 4.3 X 102 4 9.3 X 10^ 9.3 X 10^ ND 3.7 X 10^ 

P 117 4.3 X 10® 2.3 X lOl 4.3 X 102 4.3 X 10^ ND 4.3 X 103 4.3 X 102 ND 1.5 X 107 

W 117 4.3 X 103 2.3 X 10^ 7.5 X 10^ 2.3 X 10^ ND 9.3 X 10^ 4.3 X 10^ 2.3 X 10^ 4.9 X 10® 

P lU 1.5 X 10*' 2.1 X 102 7.5 X 103 9.3 X 10'+ ND 2.3 X 10^ 4.3 X 103 2.4 X 102 1.1 X 10^ 

P 124 9.3 X 10^ 2.3 X 102 1.5 X 103 9.3 X 103 ND 4.3 X 10^ 1.5 X 102 4.3 X 10^ 1.1 X lo"' 

W 13 9.3 X 10'- 2.3 X lOl 2.3 X 102 4.3 X lO'^ ND 1.5 X 102 9.3 X lOl 9 -

W 100 4.3 X 103 2.3 X lOl 2.3 X 102 2.3 X 10^ ND 2.3 X 10^ 9.3 X IQI ND 9.9 X 10® 

W 1.24 2.3 X 10^^ 9.3 X lOl 9.3 X 102 4.3 X 102 ND 4.3 X 102 4.3 X lOl ND 3.5 X 10& 

W 107 9.3 X 103 2.3 X lOl 2.3 X 102 2.3 X lOl ND 4.3 X 10^ 2.3 X lOl 2.3 X lOl 6.0 X 10® 

W 18 2.3 X 103 2.3 X 102 2.3 X 102 1.5 X 102 ND 2.3 X 102 2.3 X 102 4.3 X 10^ 6.6 X lO'* 

W 137 9.3 X 10^' 2.3 X lOl 9.3 X 102 2.3 X 102 ND 4.3 X 10^ 4.3 X lOl ND 1.1 X 10? 

liD = Wone detected, <3/100 ml. No bacteria in 3 10 ml portions of the water sample. 



TABLE 2 

DISSOLVED 
WELL PHENOL NAPHTHALENE CREOSOTE CH^ e CO2 

P 23 - + - - ND 

P 8 ^ - - ND 

W 2 + - - ND 

P 117 H + - ND 

W 117 4 - - + 

P m •> + - + 

P 124 -!• + - + 

W 13 4 - - ND 

W 100 V - - • ND 

W 124 4- - - ND 

W 107 4 - - ND 

W 18 4 - - ND 

W 137 4 4- . - ND 

1.0 ml of water sample was inoculated in 5D ml of the 
mineral salts medium containing 300 mg/L of either 
phenol, naphthalene, or creosote. Samples were 
incubated at 30° C on a rotary shaker ("150 rpra). 

ND = Not done, no obvious dissolved gases. 




